Introduction {#S0001}
============

Alzheimer's disease (AD) is a neurodegenerative disease and the most common cause of dementia, emerging as a global health issue. Epidemiological studies have revealed that the number of people living with AD would be expected to triple from 50 million to 152 million by 2050.[@CIT0001] AD's main pathological process is the accumulation of the peptide amyloid-β (Aβ) in the hippocampus,[@CIT0002] which triggers a series of processes called the amyloid cascade leading eventually to neuronal cell death and dementia.[@CIT0003],[@CIT0004]

Calmodulin-dependent protein kinase IV (CaMKⅣ) plays a significant role in the pathogenesis of AD.[@CIT0005],[@CIT0006] Deposition of Aβ in neuronal cells causes an increase in Ca^2+^ concentration, and the combination of overloaded Ca^2+^ and calmodulin (CaM) activates the activity of calcium calmodulin complex Ca^2+^/CaM.[@CIT0007] On arrival in the nucleus, Ca^2+^/CaM activates calcium/calmodulin-dependent protein kinase kinase (CaMKK) and its substrate CaMKIV, the cAMP-response element binding protein (CREB) kinase,[@CIT0008],[@CIT0009] which can phosphorylate tau (MAPT; commonly known as tau) protein.[@CIT0010] Hyperphosphorylated tau protein is the main constituent of abnormal neurofibrillary tangles (NFTs), which is an important factor in the clinical expression of AD.[@CIT0011] Therefore, inhibition of tau hyperphosphorylation via the CaM--CaMKIV signaling pathway is an important method for the prevention and treatment of AD.

Chrysophanol (CHR) is an anthraquinone found in *Rheum palmatum*, which was used in the preparation of medicines in ancient China. Recently, CHR has been found to play a central role in improving the abilities of learning and memory and protecting against the injury of hippocampal neuronal cells.[@CIT0012] Furthermore, it has long-term neuroprotective effects against brain injury.[@CIT0013] Previous studies have shown that CHR can resist neurotoxic effects and improve learning and memory impairment in Aβ~25-35~-induced AD rats, thus indicated that CHR may be a promising therapeutic strategy to protect neuronal cells from further damage and alleviate the progression of those neurological diseases.

Donepezil (Don), a medication approved by the FDA, is most commonly used for the treatment of AD.[@CIT0014] According to previous reports, pretreatment with Don suppressed TNFα-induced intracellular Ca^2+^ elevation by the phosphatidylinositol 3-kinase (PI3K) pathway in rodent microglial cells, which indicated that Don could reduce calcium concentration.[@CIT0015] Thus, Don was selected as a positive control drug in this study.

Based on preliminary experiments, we speculated that the CaM-CaMKIV would be involved in the protective effects of CHR on Aβ~25-35~-induced injury in PC12 cells. The purpose of the current work was to explore the mechanism of CaM-CaMKIV in the pathogenesis of AD, which would provide a basis for therapeutic intervention in AD.

Materials and Methods {#S0002}
=====================

Materials {#S0002-S2001}
---------

The Aβ~25-35~ was purchased from Sigma-Aldrich (St Louis, MO, USA), and dissolved in deionized water, which was incubated at 37°C for 3 days and used to induce aggregation. The stock solution was diluted to the working concentration immediately, and we added it to the cell culture medium before use. Chrysophanol (Yuanye Bio-Technology Co. Ltd, Shanghai, China) was prepared into the different solutions by adding to the cell culture medium for the further use, and the tablets (Eisai, Jiangsu, China) were dissolved in cell culture medium to a concentration of 10 μM before use.

Cell Culture and Treatment {#S0002-S2002}
--------------------------

The PC12 cells were purchased from the Shanghai Institute of Biochemistry and Cell Biology (Chinese Academy of Sciences). After resuscitation, PC12 cells were cultured in Dulbecco's modified Eagle's medium (Thermo Fisher Scientific, Inc., Waltham, USA) supplemented with 10% fetal bovine serum (Bio-Rad Laboratories, Inc., Hercules, USA) and 1% penicillin/streptomycin (Gibco Ltd., NY, USA), incubated in a humidified incubator containing 5% CO~2~ at 37°C and passaged every 3 to 4 days. After 24 h, cells were pretreated with CHR for 12 h and incubated with Aβ~25-35~ (30 μM) for another 24 h.

Cell Viability Analysis {#S0002-S2003}
-----------------------

In vitro, cell viability was assessed by the 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) (Solarbio Technology Company, Beijing, China) reduction assay. The MTT assay was performed to evaluate the biocompatibility and toxicity of CHR on PC12 cells. PC12 cells were adjusted to 2×10^5^ cells/mL and seeded in 96-well plates (100 μL per well). After incubation for 24 h, cells were stimulated with 1‰ (v/v) dimethyl sulfoxide (DMSO) or different doses of CHR (2.5, 5, 10, 25, 50, and 100 μM) for 12 h, respectively. MTT solution (20 μL, 5 mg/mL) was added to 96-well plates and incubated for 4 h at 37°C, then was replaced with DMSO to solubilize the precipitated dye. The absorbance was read at 490 nm in a microplate reader and the above experiments were replicated 3 times. The relative cell viability was expressed as a percentage relative to the untreated control cells.

Morphological Observation Under an Inverted Microscope {#S0002-S2004}
------------------------------------------------------

PC12 cells were adjusted to a concentration of 2×10^5^ cells/mL and inoculated in 6-well plates (2 mL/well), followed by pretreatment of CHR (10, 25, 50 μM) for 12 h before exposure to 30 mM Aβ~25--35~ for another 24 h. When appropriate confluency was reached, we observed the morphology and structure of the cells in the clear field of view by light microscope.

Hoechst 33342 Staining {#S0002-S2005}
----------------------

Studies of apoptosis were performed to confirm morphologic changes by the chromatin dye Hoechst 33342 (Solarbio Technology Company, Beijing, China). The morphological changes involved the condensation and margination of nuclear chromatin, and were observed by Hoechst staining and electron microscopy. Cells were fixed in 4% of paraformaldehyde for 10 min at 4°C and washed twice with phosphate buffer saline (PBS), following by incubation with 10 μg/mL Hoechst 33342 for 20--30 min in a humidified incubator in the dark. To adherent cells, a small amount of Hoechst 33342 staining solution was added to cover the sample. To the suspended cells, 3 times the volume of the sample was added to the stain and mixed well, and left at room temperature for 3--5 minutes. Hoechst 33342 staining solution was absorbed and washed with PBS for 2--3 times (each time for 3--5 minutes). Cells were observed and photographed with fluorescence microscopy (Olympus IX71).

Experimental Grouping {#S0002-S2006}
---------------------

Based on the viability of analysis, the morphology, and the apoptosis assays, the subsequent experiments were divided into four groups, which were the control group (Control), AD model group (Model, Aβ~25-35~ 30 μM), chrysophanol group (CHR, 50 μM), and donepezil group (Don, 10 μM).

Quantitative RT-PCR {#S0002-S2007}
-------------------

The mRNA expression level of CaM, CaMKK, CaMKIV, and tau were tested by quantitative RT-PCR. All treated cells were collected and washed twice with PBS solution. Then, 1 mL TRIZOL and 200 μL chloroform were added and the mixture was vortexed for 15 s. After leaving at room temperature for 10 minutes, phases were separated by centrifugation (12000 g for 15 minutes at 4°C). The upper layer was transferred to a new tube and was added with an equal volume of isopropanol with a vigorous shake, then followed by incubating at room temp for 10 minutes. The RNA pellets were collected, followed by centrifugation (12000 g for 10 minutes at 4°C) and resolved in 20 μL DEPC H~2~O. The reverse transcription was conducted by a reverse transcription kit following the manufacture's protocol. Quantitative RT-PCR was performed on the 7500 Real-Time PCR System (Applied Biosystems, Foster City, CA) by SYBR green kit (TOYOBO, Japan) with β-actin as control. A mixed cDNA sample control was incorporated into each PCR cycle and repeated three holes. All target gene primers were designed by the comparative Ct (2^−ΔΔCt^) (cycle threshold) method. The specific primers used for the current study are shown in [Table 1](#T0001){ref-type="table"}. Table 1Primer Sequences in Quantitative RT-PCRGeneSequence (5ʹ-3ʹ)*CaM*Forward5ʹ-CGACTTCCCTGAATTCCTGA-3'Reverse5ʹ-TCTGCTGCACTGATGTAGCC-3'*CaMKK*Forward5ʹ-CTTCAAGACCCACACCAGT-3'Reverse5ʹ-TGTAGAGTAAGGCCCAACC-3'*CaMKIV*Forward5ʹ-ACTCTCACACCCGAACATCA-3'Reverse5ʹ-AGCCTTTCTCCACAATCCTG-3'*tau*Forward5ʹ-TCCACTGAGAACCTGAAGCA-3'Reverse5ʹ-TGTCCTTTGAGCCACACTTG-3'*β-actin*Forward5ʹ-TTGATTTGGCTGGTAGAA-3'Reverse5ʹ-ATGGCAGAAGATTGAGAA-3'

Western Blotting {#S0002-S2008}
----------------

In this study, the expression levels of CaM, CaMKK, CaMKIV, p-CaMKIV, tau, and p-tau protein were detected by Western blotting. According to the manufacturer's instructions, all protein samples were extracted by the extraction kit and quantified by bicinchoninic acid kit (Best Bio, Shanghai, China). Samples were detected by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE; 10% gel), and then transferred onto nitrocellulose membranes (Pall Corporation, Pensacola, USA). The membranes were blocked in TBS tween 20 (TBS-T, 0.1% tween 20) contained 5% non-fat dry milk for 2 h at room temperature with rotation. After blocking, the membranes were incubated with the rabbit anti-rat monoclonal primary antibody CaM, CaMKK (1:5000, Cambridge, UK), CaMKIV, p-CaMKIV, tau, p-tau (1:1000, Cell Signaling Technology, MA, USA) at 4°C overnight. After incubation, the membranes were washed by TBST 3 times (each time for 10 min). Then, the goat anti-rabbit IgG (1:20,000; ZSGB-BIO, Beijing, China) was added to combine with the primary antibody for 2 h at room temperature with rotation and washed for 10 minutes (three times with TBST). The antigen-antibody bands were detected by ECL chemiluminescence and automatic exposure using the gel imaging device (ProteinSimple, CA, USA). The immunoblots of proteins were corrected to the bands of β-actin. All the experiments were repeated 3 times.

Statistical Analysis {#S0002-S2009}
--------------------

All data were expressed as the mean ± standard deviation (x±s), and analyzed statistically using SPSS 23.0 software (SPSS, Chicago, IL, USA). Multi-group means were compared by one-way analysis of variance which followed the least significant difference test, and the value of *P*\<0.01 was statistical significance.

Results {#S0003}
=======

The Effect of CHR on Survival Rate of Aβ~25-35~-Induced Injury in Cells {#S0003-S2001}
-----------------------------------------------------------------------

The cytotoxic and neuroprotective effects of CHR on PC12 cells were assessed by MTT assay ([Figure 1](#F0001){ref-type="fig"}). Compared to the control group, cell survival rates were significantly increased by treatment with a concentration of CHR at 10, 25, and 50 μM (*P*\<0.01). However, inconsistent with the above findings, treating cells with a higher concentration of CHR (100 μM) resulted in a decrease in survival rates. So the concentrations of CHR (10, 25, and 50 μM) were selected for subsequent experiments ([Figure 1A](#F0001){ref-type="fig"}). To circumvent the neuroprotective effect of CHR on Aβ~25-35~-induced PC12 cell injury, PC12 cells were pre-incubated with different concentrations of CHR (10, 25, 50 μM) for 12 h, followed by incubating with Aβ~25--35~ for 24 hours. Although these cells' exposure to the Aβ~25--35~ markedly decreased cell viability, negative effects induced by Aβ~25--35~ were diminished in the presence of CHR (*P*\<0.01) ([Figure 1B](#F0001){ref-type="fig"}). Altogether the above results suggested CHR is beneﬁcial to Aβ~25-35~-induced PC12 cell injury, especially in the high-dose group (50 μM).Figure 1Protective effect of CHR on the cell survival rate induced by Aβ~25--35~. PC12 cells were treated with different concentrations of CHR (2.5, 5, 10, 25, 50, and 100 μM) for 12 h (**A**), respectively. CHR (10, 25, and 50 μM) showed with statistical significance that it can protect Aβ~25-35~-induced injury in PC12 cells (**B**). The data are presented as mean ±SD (one-way analysis of variance and the least significant difference test). \*\**P*\<0.01, \**P*\<0.05, vs control group, ^\#\#^*P*\<0.01, vs model group.

The Effect of CHR on Cell Morphology of Aβ~25-35~-Induced Cells {#S0003-S2002}
---------------------------------------------------------------

The observations of cells' morphology could be executed by the light microscope ([Figure 2](#F0002){ref-type="fig"}). In control groups, cells intertwined into a network which had a good refractive index. In model groups, some cells were detached and exhibited morphological change. In morphological results, shorter protrusions were detected in cells, and the number of cells decreased significantly. However, CHR pre-treatment reversed the morphological alterations induced by Aβ~25--35~, including significantly increased protrusions, regular morphology, and increased refractive index. Consistent with the above findings, CHR pre-treatment at a concentration of 50 μM has shown the best effect. The above results indicated that the CHR can ameliorate Aβ~25-35~-induced cell damage, while the high concentration of Aβ~25-35~ can inhibit the proliferation of PC12 cells.Figure 2The effect of CHR on cell morphology of Aβ~25-35~-induced PC12 cells. Images related to morphological changes in PC12 cells were captured with a light microscope (magnification, ×100). PC12 cells were treated with different concentrations of CHR (10, 25, and 50 μM), respectively. Control: control group; Aβ: Aβ~25-35~-induced (30 μM).

Effect of CHR on Apoptosis of Aβ~25-35~-Induced Cells {#S0003-S2003}
-----------------------------------------------------

Immunofluorescence analysis of PC12 cells was conducted by Hoechst 33342 (fluorescent DNA dye). The result of [Figure 3](#F0003){ref-type="fig"} suggested that the model group exhibits typical characteristics of apoptosis, which included chromatin condensation, nuclear shrinkage, and nuclear fragmentation. Obviously, the 10, 25, and 50 μM CHR efficiently prevented the condensation of chromatin, and the CHR (50 μM) dose group result was even more striking. As a result, these findings indicated that 10, 25, and 50 μM CHR can protect the Aβ~25-35~-induced PC12 cells against apoptosis.Figure 3Effect of CHR on apoptosis of Aβ~25-35~-induced PC12 cells. The nuclei were stained with Hoechst 33342 (magnification, ×200). Hoechst 33342 binds to adenine-thymine-rich regions of DNA in the minor groove. On binding to DNA, the fluorescence greatly increases. Control: control group (the concentration of CHR 10, 25, and 50 μM); Aβ: Aβ~25-35~-induced (30 μM).

The Results of mRNA Expression in Aβ~25-35~-Induced Cells {#S0003-S2004}
---------------------------------------------------------

Quantitative RT-PCR was conducted to detect the effects of different dosages of CHR. The results are shown in [Figure 4](#F0004){ref-type="fig"}. The mRNA expression of CaM, CaMKK, CaMKIV, and tau was significantly increased in the model group compared to the control group (*P*\<0.01). However, the expression of CaM, CaMKK, CaMKIV, and tau were significantly decreased in the CHR and Don groups (*P*\<0.01). These findings have important implications for mRNA expression of CaM, CaMKK, CaMKIV, and downstream tau, which were significantly decreased after CHR pretreatment in Aβ~25-35~-induced cells.Figure 4Effect of CHR on mRNA levels of CaM, CaMKK, CaMKIV and tau in Aβ~25-35~-induced cells. Data are expressed as mean ±SD, n=3; one-way analysis of variance and the least significant difference test. \*\**P*\<0.01, \**P*\<0.05, vs control group, ^\#\#^*P*\<0.01, ^\#^*P*\<0.05, vs model group. Control: control group; Model: AD model group, Aβ~25-35~-induced (30 μM); CHR: chrysophanol group (50 μM); Don: donepezil group (10 μM). Results showed a significantly increased value of CaM-CaMKK-CaMKIV-tau proteins in model groups (Aβ~25-35~-induced).

The Effect of CHR on p-tau Protein Expression in Aβ~25-35~-Induced Cells {#S0003-S2005}
------------------------------------------------------------------------

The expression of p-tau and tau protein was assessed by Western blotting. As shown in [Figure 5](#F0005){ref-type="fig"}, the ratio of p-tau to tau was significantly increased in the model group compared to the control group (*P*\<0.01). Meanwhile, the ratio of p-tau to tau was significantly decreased in the CHR and Don groups (*P*\<0.01). Therefore, our results indicated that CHR could significantly reduce the ratio of p-tau to tau in Aβ~25-35~-induced cells. Here, CHR showed inhibitory effects on p-tau.Figure 5Effect of CHR on the protein expressions of p-tau in the Aβ~25-35~-induced PC12 cells. Results are the value ratio of p-tau and tau proteins. Data are shown as mean ±SD (n = 3 for each group, one-way analysis of variance and the least significant difference test). \*\**P*\<0.01, vs control group, ^\#\#^*P* \<0.01, vs model group. Control: control group; Model: AD model group, Aβ~25-35~-induced (30 μM); CHR: chrysophanol group (50 μM); Don: donepezil group (10 μM).

The Effect of CHR on CaM, CaMKK, CaMKIV and p-CaMKIV Protein Expression in Aβ~25-35~-Induced Cells {#S0003-S2006}
--------------------------------------------------------------------------------------------------

We identified the protein expression of CaM, CaMKK, CaMKIV, and p-CaMKIV by Western blotting. As shown in [Figure 6](#F0006){ref-type="fig"}, the protein expression levels of CaM, CaMKK, CaMKIV, and p-CaMKIV were significantly increased in the model group compared to the control group (*P*\<0.01). Meanwhile, the expression levels of CaM, CaMKK, CaMKIV, and p-CaMKIV were significantly decreased in the CHR and Don groups (*P*\<0.01, *P*\<0.05). Therefore, our results indicated that CHR could significantly reduce the levels of CaM, CaMKK, CaMKIV, and p-CaMKIV in Aβ~25-35~-induced cells. Thus, CHR showed inhibitory effects on CaM, CaMKK, CaMKIV, and p-CaMKIV.Figure 6Effect of CHR on the protein expressions of CaM, CaMKK, CaMKIV, and p-CaMKIV in the Aβ~25-35~-induced PC12 cells. (**A** and **B**) CaM and CaMKK protein expression in the Aβ~25-35~-induced PC12 cells under CHR treatment. (**C** and **D**) CaMKIV and p-CaMKIV expression in the Aβ~25-35~-induced PC12 cells under CHR treatment. Results are the black value ratio of target proteins and β-actin. Data are shown as mean ±SD (n = 3 for each group, one-way analysis of variance and the least significant difference test). \*\**P*\<0.01, vs control group, ^\#\#^*P*\<0.01, ^\#^*P*\<0.05, vs model group. Control: control group; Model: AD model group, Aβ~25-35~-induced (30 μM); CHR: chrysophanol group (50 μM); Don: donepezil group (10 μM).

Discussion {#S0004}
==========

Alzheimer's disease, the commonest cause of dementia, is a growing global health concern with huge implications for individuals and society and is characterized by synapse loss, memory impairment, and other cognitive problems.[@CIT0016],[@CIT0017] These characteristic pathological changes were cerebral cortex atrophy, Aβ deposition, neurofibrillary tangles (NFTs), senile plaque (SP), and reduced numbers of memory neurons. Aβ is a fragment of amyloid precursor protein (APP) which accumulated in AD. Aβ accumulation is believed to contribute strongly to the pathogenesis of AD, which leads to cognitive dysfunction and memory loss, and synaptic impairments.[@CIT0018]--[@CIT0020] As a result, Aβ~25-35~ was added to establish the AD cell model in our study.

In our experiment, cell viability analysis, light microscope observation, and Hoechst 33342 staining were conducted after adding Aβ~25-35~ (30 μM, 24 h). We found that there was significant cell damage in PC12 cells, while the cell damage was significantly reduced with different concentrations of CHR (10, 25, and 50 μM) in advance. These results indicated that different dosages of CHR (10, 25, and 50 μM) can eliminate Aβ deposition, and had a good neuroprotective effect on Aβ~25-35~-induced PC12 cells. At the same time, we found that the effect of the 50 μM concentration of CHR was better than the other concentrations of CHR when CHR was applied in Aβ~25-35~-induced PC12 cells.

The CaM-CaMKIV protein family is mainly composed of CaM, CaMKK, and CaMKIV signal molecules. One function of CaM is activating the members of a family of S/T protein kinases, called Ca^2+^/CaM-dependent protein kinases or CaM kinases. This family includes several kinases, such as phosphorylase kinase, myosin--light chain kinase (MLCK), CaM kinases I, II, III, and IV.[@CIT0021],[@CIT0022] CaMKK is a downstream substrate of Ca^2+^/CaM and is activated when CaM is phosphorylated by Ca^2+^; then, CaMKK can phosphorylate and activate CaMKIV. In addition, previous studies showed that AD is associated with the accumulation of calcium ions (Ca^2+^), which was responsible for the phosphorylation of tau.[@CIT0023] The intracellular accumulation of phosphorylated tau was detected in the brains of AD patients, which can trigger nuclear CaMKIV. In turn, CaMKIV can also aggravate hyperphosphorylation of intracellular tau. The increased Ca^2+^ concentration may induce a self-perpetuating harmful loop to promote neurodegeneration.[@CIT0024]

According to previous reports, tau is well established as a microtubule-associated protein, which can receive various post-translational modifications. Also, changes in its phosphorylation pattern were reported in the pathogenesis of AD.[@CIT0025] When the tau protein is phosphorylated, the excessive phosphate binding inhibited tau protein and microtubules to a large extent, and caused the formation of NFT, finally leading to neuronal degeneration and AD. Therefore, the inhibition of tau hyperphosphorylation can meaningfully improve neuronal damage and cognitive function.

Chrysophanol (CHR) is a member of the anthraquinone family, which was originally extracted from *Rheum palmatum* and showed a variety of pharmacological effects, such as anti-inflammatory, antioxidant, antiapoptotic, anti-aging, and neuroprotective effect.[@CIT0026]--[@CIT0030] In the prevention and treatment of AD, previous studies demonstrated that CHR could attenuate hippocampal neuronal cytoplasmic edema and increase memory and learning ability in mice.[@CIT0012] In addition, CHR could suppress hippocampal neuronal cell death via inhibition of Drp1-dependent mitochondrial fission.[@CIT0031] Moreover, CHR could improve the memory ability of the AD model rat by inhibiting tau hyperphosphorylation and has a neuroprotective effect.[@CIT0032] But the underlying mechanism of CHR functioning as a treatment for AD has not been elucidated.

In this study, the mRNA levels of CaM, CaMKK, CaMKIV, and tau in Aβ~25-35~-induced PC12 cells were significantly increased. CHR was added into Aβ~25-35~-induced PC12 cells and could significantly decrease the mRNA expression of CaM, CaMKK, CaMKIV, and tau. Similarly, CHR could also decrease the protein expression of CaM, CaMKK, CaMKIV, p-CaMKIV, and p-tau in Aβ~25-35~-induced PC12 cells. These results suggested that the neuroprotective effect of CHR is closely related to the down-regulation of CaM-CaMKIV and the expression of p-tau downstream (shown in [Figures 4](#F0004){ref-type="fig"}--[6](#F0006){ref-type="fig"}).

The above results of the analysis indicated that CHR reduces phosphorylation of tau in Aβ~25-35~-induced PC12 cells by inhibiting the CaM-CaMKIV protein family which can alleviate the damage of Aβ~25-35~-induced AD and has a good protection in neuronal cells. Thus, our findings suggested the potential use of CHR for the treatment of neuronal cell damage by mediating neurodegenerative diseases.

Conclusion {#S0005}
==========

With pretreatment with CHR before exposure to Aβ25-35, PC12 cells showed increased cell viability and reduced apoptosis. mRNA levels of CaM, CaMKK, CaMKIV, and tau were tested by qRT-PCR, and protein expression of CaM, CaMKK, CaMKIV, p-CaMKIV, tau, and p-tau were tested by Western blotting. As a whole, our study highlights the point that CHR can effectively reduce the mRNA expression of CaM, CaMKK, CaMKIV, and tau in Aβ~25-35~-induced PC12 cells. Similarly, CHR can also reduce the protein expression of CaMKK, CaMKIV, p-CaMKIV, and p-tau. In conclusion, CHR had a nerve protective effect by regulating the expression of the p-tau protein through regulating CaMKIV in Aβ~25-35~-induced PC12 cells. This may be one of the protective mechanisms of CHR, which regulates Aβ~25-35~-induced neurotoxicity by regulating tau hyperphosphorylation and the CaM--CaMKIV signal pathway, thus providing a new mechanism for the prevention of AD.
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